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Using Systems Heuristics to guide “second
order” boundary critique in a systemic
intervention: Evaluating the Environmental
Impact of Mining in Southern Peru
Abstract
The purpose of this paper is to introduce the use of Ulrich‟s Critical Systems Heuristics to
organize second order critical reflexion in systems practice and action research. It is argued
that such an approach not only improves the rigour of systems methodology in action in a
specific „situation of interest‟, but brings rigour to research aimed at improving systems
practice through the process of meta-evaluation. The paper draws on critical systems
thinking and illustrates its application in the context of an intervention using Checkland‟s Soft
Systems Methodology (SSM) to evaluate the environmental impact of mining operations in
southern Peru. The SSM application is used to explore the way that „second order‟ boundary
critique can be used to assess the researcher‟s expectations and its impact in re-designing the
methodology itself or the way the methodology is used. We sketch the context in which the
systemic intervention was carried out reporting on the initial initials SSM stages( Relevant
Systems, Root definitions and CATWOE analysis) produced in a workshop that took place in
February 2011 in Southern Peru..Reflection on how to prepare and then apply SSM was
gained by using the framework. More tests are required to develop fully a 2nd order boundary
critique tool; and further research of applications in similar contexts is needed to refine the
critique.
Keywords: Boundary critique; Soft systems methodology; Critical Systems Heuristics;
Reflexivity; Meta-evaluation; Action research
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1 Introduction
Systems practice is now widely considered to be the engagement of researchers and
practitioners in the application of systems thinking to guiding concrete action in a
specific context of human activity, with the aim of bringing about some improvement
in that situation from the perspective of concerned stakeholders. In the field of
systems practice, there are now many examples of systems methodologies derived
from different philosophical assumptions about the nature of our world (ontology) and
how we can make sense of this (epistemology). These include systemic
methodologies from a wide spectrum: from the so-called „hard‟ approach such as
systems dynamics (Forrester 1961) to a much softer or „interpretative‟ approaches
(Checkland‟s soft systems methodology, Checkland (1981); Ackoff‟s interactive
Planning, Ackoff (1981); and others such as application of cybernetics principles to
organisations as in the viable systems model proposed by Beer (1981) . All of these is
indicative of the great activity and number of systems-based methodologies available
to UK systems practitioners over the last 30 or so years. And although this is
welcome, more recently the discipline of Critical Systems Thinking (CST) has drawn
attention to the strengths and limitations of these methodologies and advocated that
systems practitioners need to be more creative and flexible in their selection,
adaptation, and combination to be contingent with the situation in which they are to be
used ( e.g. Flood and Jackson 1991, Mingers 1997, Midgley 2000, Gregory and
Romm 2001, Jackson 2003, 2006). This is reflected in Jackson‟s (2001) attempt to
succinctly define CST as:
“essentially about putting all the different management science methodologies,
methods and models to work, in a coherent way, according to their strengths
and weaknesses, and the social conditions prevailing, in the service of a
general project of improving societal systems” (Jackson 2001, pp238).
There is still considerable debate about whether it is possible to justify the combining
of methodologies from different philosophical paradigms as advocated by likes of
Jackson (2006) and Mingers (1997). For the purposes of this discussion, the concept
of methodology is aligned with the following definition:
“a structured set of guidelines for activities to undertake to improve the
effectiveness of an intervention” […] “methodologies are based, implicitly or
explicitly, on particular philosophical assumptions concerning the nature of
the organizational world and the appropriateness of various forms of action.”
(Mingers 1997, pp1).
The relationship between method/technique and a methodology is further emphasised
by Mingers: „a technique is a specific activity that has a clear purpose. A technique
will implement the activities set by the methodology in a particular way. [...] The
methodology specifies what type of activities should be undertaken, and techniques
are particular ways of performing these activities‟, Mingers (1997).
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Midgley (2000) argues that it is only a particular method that is applied in any
situation, underpinned by a philosophy for the particular strategy adopted. So, it could
be argued that each time methods are mixed in a new way in a new situation a new
methodology is constructed underpinned by its own philosophical rationale and
informed by earlier learning.
Despite these differences, a key issue for the critical systems movement is that the
theory is intended to inform practical action. In order for this to be the case and to
help system practitioners make appropriate choices in their practice, there is a need to
understand not only what particular approaches to practice work (or not) in the
situations in which they are applied but also why (Midgley 1997, Jackson 1997).
The aim of this paper is therefore to consider how, in this changing environment of
systems practice, we might improve our understanding of it. This is particularly
important where practitioners are expected to be more creative and flexible in their
selection, adaptation, and combination of methodologies to be contingent with the
situation in which they are to be used.
The paper is organised as follows: In Section 2 we outline our proposal to improve
systems practice through meta-action research together with the challenges facing
systems practitioner. In section 3, we argue that the process of using systems thinking
helps to organise evaluation, critical reflection, and reflexion which in turns enhances
the rigour in action research. In section 4, the framework based on CSH is outlined
and we introduced the way suggest a manner in which the 12 questions proposed by
Ulrich can be used in 1st and 2nd order enquiry. Section 5 discusses the SSM
application in mining operations in southern Peru. An account on the reflections on
using the CSH questions before the intervention is outlined in section 6. Finally, in
section 7, we draw some general conclusions and themes for further research are
suggested.

2 Improving systems practice through meta-action research
and its challenges
In the context of defining his Soft Systems Methodology, Checkland (1999) described
systems practice as “a process of social inquiry which aims to bring about
improvement in areas of concern by articulation of a learning cycle (based on systems
concepts) which can lead to action” (Checkland 1999, pA40). The iteration of
systems thinking and action stages in a „learning cycle‟ aimed at improving a situation
of interest has resulted in systems practice extending its scope to include action
research.
In this paper the discussion centres on how this systems practice, which considers
systems thinking and action research integral to systems methodology, can be
improved. It has been suggested that “learning can only take place if practice
(successful or otherwise) can be related back to a set of theoretical presuppositions
3

which are consciously tested through that practice” (Flood and Jackson 1991, p47).
Hence, because using methodology in practice fundamentally involves action, action
research may be the only appropriate research approach for developing or changing
methodology (Baskerville and Wood-Harper 1996, 2001).
Where the primary or first-order inquiry approach in a specific context of interest is
action research, the second order inquiry “that involves analysing the link between the
first-order Action Research (AR) design and the social practice to which it belongs”
(Martí and Villasante 2009, p389) has been described as meta-action research (ZuberSkerritt 1992, Trevitt 2005), i.e. a process of process of „action research on action
research‟.
One of the core challenges for researchers intending to make a contribution to wider
theory and practice through action research has centred on how they apply and
demonstrate rigour in their research. They need to make a convincing case that what
has been learnt actually makes these wider contributions, amounting to more than the
individual‟s development of their own knowledge about how to engage in practice as
envisaged by Schön‟s (1983,1987) reflective practitioner model. Many of the
perceived problems associated with action research are either commonly shared with
other qualitative research approaches (e.g. contextual nature, lack of repeatability of
research and ability to generalise results), or are associated with specific
interventionist approach to action research, whereby the researcher has a dual role in
the context of interest, as researcher, but also as co-participant in the inquiry and
planned intervention with other stakeholders. Researchers need to be prepared to
defend accusations such as bias in the research and lack of rigour, due to issues such
as the close collaboration with participants and personal involvement in the situation
of interest being observed and the practical day-to-day pressures and the need to focus
on short-term goals that may distract from the longer-term strategic aims of the
research (Argyris and Schön 1996, Baskervile and Wood Harper 2001, Kember
2000).
From the debate about how the quality of action research should be evaluated, some
common themes have emerged about the criteria that should be applied to the
planning, undertaking and articulation of the research in reporting. These include:
A clear rationale for the research, declaring in advance what is to be researched,
why it should be researched and how the research should be undertaken. This
rationale is informed by an existing body of theory.
The intention is to contribute knowledge that is of worthwhile and practical
interest to a wider audience than the stakeholders involved in a specific context of
research, in particular contributing to the body of theory underpinning the
research.
Planning/designing the research approach in advance, including (i) intervention
and (ii) systematic evaluation of the success of intervention. The term systematic
is used here to convey a sense of planning, organising and ordering.
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Reflection. This requires the research to generate a rich, descriptive picture of the
context of inquiry from a variety of perspectives, including how the researcher‟s
insight has developed through dialogue with others.
Reflexivity. This requires the researcher(s) to be critically self-aware of the
relationship between the inquiry and the context to which it is being applied.
A commitment to democracy and participation, and the nurturing of collaborative
relationships on which the research depends.
Iteration of the conceptual and action stages of the research....
(Derived from various sources including Argyris and Schön 1996, Baskerville and
Wood Harper 2001, Kember 2000, Reason 2006, Heikkinen et al 2007, Feldman
2007)
Checkland and Holwell (1998a) argued that for any piece of research, methodology
(M) is informed by a theoretical framework of ideas (F) and is applied to an area of
concern (A) or research problem.

##
###########
########### embodied
###
in
Framework
of ideas

Area of
Concern
Methodology

M

applied to

A

yields

F
learning about

Figure 1. Elements relevant to any piece of research (Checkland and Holwell, 1988: 23

They consider the accusations about lack of rigour to be consequence of „M‟ being
applied to „As‟ that are changing real world social situations. In these situations, there
is often a need to change the F, M, A relationship depending on the unique context of
A and factors that cannot be predictably controlled or isolated in the ways that
scientific research into physical and biological phenomena are conducted. They
argued that the minimum requirement is the recoverability of the research process by
interested outsiders, and this depends on a clear articulation of the methodology that
includes a theoretical rationale for the methods used in a particular area of concern:
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“researchers investigating social phenomena via AR must at least achieve a
situation in which their research process is recoverable by interested
outsiders. In order to do this it is essential to state the epistemology (the set of
ideas and the process in which they are used methodologically) by means of
which they will make sense of their research, and so define what counts for
them as acquired knowledge” (Checkland and Holwell 1998b, p20)
This is dependent on the researcher being reflexive about the choices made in their
research and their impact, and it is this that Reason (2006) considers to be the
primary and overarching responsibility for action researchers when approaching the
issue of quality in their research.. This is not only important for the recoverability of
the research process, but also so that others may judge the research based on what
they consider important.
“Quality in action research will rest internally on our ability to see the choices
we are making and understand their consequences, and externally on whether
we articulate our standpoint and the choices we have made transparently to a
wider public.” (Reason 2006, p190).
If the quality of action research, and therefore meta-action research, is primarily
considered to be dependent on the researcher‟s reflexivity, then researchers need
clarity about what this involves and how to articulate the outcomes to others in order
to make their research process transparent and recoverable. Reflection and reflexion
are acknowledged to be more „messy‟ than the simplistic linear progression between
this and the other stages of the iterative action research cycle often modelled in the
literature (Preskill and Torres 1999, Johnson and Duberley 2000) with often little
guidance on how to undertake them (Kawalek and Jayaratna 2003).

3 Systems thinking and meta-action research
We argue that it is the process of using systems concepts to organise evaluation,
critical reflection, and reflexion that enhances the possibilities for order and rigour in
action research. These reflective activities, we believe, can provide a framework for
organising and articulating our thinking to make the process more transparent and
recoverable. Hence, the rigour of meta-action research can also be enhanced by
organising the conceptual stages with systems thinking. More recent definitions of
meta-action research have begun to make this connection more explicit.
“Meta-action research is action research on or about action research. It is
based on reflection, self reflection, conceptualization and theorization of the
activities, processes, methods and results of the action research program(s) or
project(s), denoting systemic change, transformation, awareness and
understanding of one‟s own learning, and arriving at higher-order concepts,
principles, theories or models of action research” (Fletcher et al 2010,pp491).
The process of second order inquiry in meta-action research outlined in this paper
uses Ulrich‟s (1983, 1987) Critical Systems Heuristics (CSH) to organise critical
6

reflection and reflexivity on the systems practice undertaken. Ulrich‟s framework
builds on Churchman‟s (1971) ideas about boundary construction, to provide
practitioners with a practical “tool for reflection” (Ulrich 1987, p281), although
Ulrich acknowledges that this does not guarantee reflection will be undertaken.
From Churchman‟s perspective, boundary setting involves deciding what is relevant
knowledge for a particular inquiry, and who is relevant in generating it and having
stake in it. This has resulted the system boundary being considered as a “socially
constructed definition of relevancy” (Midgley et al 1998). To maximise ethicality in
terms of decisions taken with respect to „who‟ benefits from activity, Churchman
(1971) suggested a process of „sweeping in‟ as many perspectives as possible, whilst
acknowledging that it is never possible to „sweep in‟ all that is relevant. This becomes
a process of „estimation‟ and judgement limited by existing knowledge. Checkland
(1981) used this concept of system boundary to underpin the development of his Soft
Systems Methodology. In „soft‟ systems approaches, models of a situation of interest
for improvement intervention are not intended to be true representations but “relevant
to debate about the situation” (Checkland 1999, pA21) and therefore “devices to
stimulate, feed and structure that debate” (Ibid, pA21). Models are constructed of the
current situation and the desired improved situation, and can be informed by the
systematic gathering of evaluation data and guide the gathering of evaluation
data/information. The underlying principles concern being ethical in the inquiry,
seeking different perspectives and encouraging participation and debate.
The main criticism from the critical perspective is that this approach (SSM) is limited
in its consideration of power and conflict in the process of constructing and debating
models (Flood and Jackson 1991) in this first order level of inquiry. Issues such as
who participates, who decides this, the role of the evaluator, and whose perspective
becomes privileged in the outcomes of the debate seem to be treated as
unproblematic. If there are conflicting perceptions of a problem and required action
for improvement, there is no consideration that in order for practical action to be taken
for improvement, at some point the process of „sweeping in‟ stakeholder perspectives
and debate must cease and that this will be decided by those with most influence
(Ulrich 1987). A further problematic issue identified by Gregory (2000) and Ulrich
(2000) is that the intention to „sweep in‟ different perspectives does not guarantee that
these will be voiced. Stakeholders also need to be willing and capable of participation,
and this may not only be limited by power. Ulrich (2000) identified the issue of
competency as a limiting factor, and the need to develop „critical competency‟
amongst participants..
Critical systems thinkers therefore highlight that that the complexity of change
management situations needs to be understood not only in terms of issues such as
their purpose, organisation, efficiency and effectiveness, but also how these are
socially constructed by the different actors involved. In emphasising that that this will
be influenced by diverse stakeholders with different perspectives and roles it becomes
inevitable that power and conflict will play a role, and this cannot be ignored in
7

methodology. Systems practitioners therefore need to be critically aware of how
models of areas of concern are constructed by different stakeholders (Ulrich 1983).
This critical awareness is discussed in terms of boundary critique. Boundary critique
therefore becomes a process of critically questioning how boundaries are socially
constructed, and “considering different possible boundaries that might be used in
analyses, and taking account of their possible consequences for intervention” and
“examining and re-examining taken-for- granted assumptions along with the
conditions that give rise to them” (Midgley et al 1998, p467).
However the realities of systems practice is that practitioners do have to make
methodological choices at the outset of an inquiry. These choices may be enabled or
constrained by their existing knowledge and understanding of methodology,
relationships with stakeholders involved, resources available etc. Midgley (2000)
argued that these methodological choices and systems practice undertaken can be
subject to the process of boundary critique on the same basis as any other boundary
decisions in context, a process he described as making second order boundary
judgements. He described the first order inquiry as involving „looking outward on the
world‟ (i.e. the situation of interest), and second order inquiry involves „looking back‟
at the inquiry process involved in making first order boundary judgements. The
relationship between first and second order enquiry is shown in Figure 2.
Furthermore, the role of meta-action research in improving systems practice is
important, because it is the iteration of this second order inquiry that enables the
conscious testing and reflection on how the first order inquiry will support any
eventual change in the situation. Making this process more transparent, exposing this
to further testing, challenge and debate by others is what leads to improved
knowledge about methodology and the contexts in which it works. In other words,
second order judgements exposes them to challenge on the same basis as first order
judgements.

4 A Critical Systems Heuristics approach to meta-systems
practice
In first presenting the framework, Ulrich‟s discussions centred on its application at the
level of the first order inquiry to introduce a more explicit ethical dimension to
inquiry intended inform practical improvement action. The contribution of this paper
is it outlines how the process can be applied not only to first order inquiry, but also to
the second order inquiry into the relationship between the first order systems practice
and its application in specific context of interest.
Churchman (1971) suggested the following key concepts to systemically model issues
of relevance in any situation of interest involving human activity.
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Research into
Methodology

First order inquiry:
‘looking outward on the world’ (i.e. situation of interest)

Change
situation of
interest
Process of
enquiry

Second order inquiry:
‘looking back’ at the inquiry process involved in making first order judgements

Figure 2. 1st and 2nd Order Boundary critique, Situation of interest and Research
Methodology

Purpose: Purpose is the transformation an organised activity affects. However, each
stakeholder may have their own interpretations of this purpose which may or may not
be aligned with an explicitly stated purpose.
Measure of performance: These are the assumptions about what constitutes progress
in relation to the stated purpose, but again could be interpreted differently by different
stakeholders.
Client: „Good‟ performance is judged to be when activity is serving their interests.
However, the perception of whose interests are being served may not be shared by
stakeholders. This will have an impact on the compatibility of their behaviour with
achieving its stated purpose.
Component activities: These have an organisational relationship and interact with
each other in working towards the purpose. The purpose cannot be achieved by any of
the individual components alone. They are undertaken by different actors, influenced
by their motivations and subjective interpretation of the measures of success, and their
negotiation of the meaning of success.
Environment: The context in which component activities take place, and which may
exert conditions which enable or constrain the activities. It co-constructs measures of
performance and can also be changed by component activities.
Decision maker: Responsible for change in measures of performance. He or she has
the power to allocate resources and organise activity towards achieving the purpose.
What is considered to be inside its boundary is that which can be perceived to be
nominally within the control of the decision maker.
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Designer: There may be a number of different ways activities could be organised to
achieve the purpose, and different measures of performance that could guide activity.
The designer‟s role is to advise the decision maker on the different potential models
of organisation and their strengths and limitations for achieving their designed
purpose. In practice they do not have control over whether any design is realised. This
is a role and not an individual, and the role of designer and decision maker can be
undertaken by the same individual(s). The identification of these as two separate roles
focuses observation and critique on how this relationship is observed working in
practice.
Stability: There is an assumption that the model is stable enough for the designer‟s
intention to be realised. A rapidly changing situation may make it difficult to make
sense of trends and relationships that help to reduce uncertainty about the effects of
action and inform the planning of future action.
Ulrich used these concepts to develop a set of 12 questions to guide systemic inquiry
into a current situation and consider potential alternatives. In order to encourage
exploration of a wide range of perspectives when comparing systems models he not
only uses the different roles of „client‟, „decision-maker‟ and „designer‟ (from
Churchman 1971) , but also introduces two new roles of „experts‟ and „witnesses‟.
This is illustrated in Figure 3.
Ulrich (1987) divided the 12 questions into 4 groups, these are: Sources of:
„motivation‟; power/control‟; „knowledge‟ and „legitimisation‟ (as seen in column 2,
Figure 3). Sources of motivation, power and knowledge are related to “those
involved” in the situation; and the source of legimitation is related to “those affected”
in or by the situation. For each of these four groups of sources, Ulrich developed 3
questions which critique the first order boundary judgments being made in the
conceptual modelling process. The first of the three questions in each group is
concerned with the role of relevant stakeholder(s); the second relates to the relevant
concerns of that role; and the third relates to issues important in making these first two
boundary judgments. A summary of Ulrich‟s checklist of questions for critical inquiry
into social activity (S) is shown in the fourth column of Figure 3. In the last column,
we suggest how these questions can be adapted to guide second-order critical
reflection about the systems practice. These questions, and their answers, form the
core of the framework we believe will to improve systems practice and action
research.

10

Figure 3: Questions: 1st and 2nd Order Enquiry (based in Ulrich, (1987)
No.

Questions: First Order enquiry

Questions: Second Order enquiry

Who is/ought to be the client
(beneficiary) of the system S to be
designed or improved?

Who „is‟ („ought to be‟) the client or
beneficiary of the systems practice to be
used?

What is/ought to be the purpose of S such
that it is serving the interests of the
client?

What „is‟ („ought to be‟) the purpose of the
systems practice such that it is serving the
interest of the client?

3

What are/ought to be S‟s measures of
success (or improvement)?

What „is‟ („ought to be‟) the criteria on which
the systems practice is being judged?

4

Who is/ought to be the decision maker,
who has the power to change S‟s
measures of improvement?

Who „is‟ („ought to be‟) the decision-maker
for the systems practice?

What are/ought to be the components
(activities, resources, constraints) of S
within the control of the decision maker?

What ‘are’ („ought to be‟) the component
activities within the control of the decision
maker for the systems practice?

What resources and conditions are/ought
to be part of S‟s environment? i.e. not
controlled by the decision maker?

What conditions and resources influencing
(either positively are negatively) the systems
practice „are’/ought to be outside the control
of the decision maker?

Who is/ought to be involved as the
designer of S?

Who „is‟ („ought to be‟) involved as the
methodology designer (s), providing
appropriate advice and support to the decision
of the systems practice?

What kind of expertise is/ought to be
informing the design of S? i.e. concerns
who fulfils role of „designer‟ –
experience, knowledge, skills etc.

What kind of
information/knowledge/expertise „ought to
be‟ guiding the methodology?
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What are/ought to be the designer‟s
assumptions underpinning their design?

What ought to be the designer‟s assumption
underpinning the methodology?
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Who is/ought to be the relevant
stakeholders (witnesses) affected by S
and what is/ought to be their role?

Who „is‟ („ought to be‟) the relevant
stakeholders (witness) for the systems
practice and what is/ought to be their role?

To what extent and how do/ought these
stakeholders have control over their own
interests in S?

To what extent and how do/ought wider
stakeholders have control over their own
interests in the systems practice?

Whose „worldviews‟ or perspectives
are/ought to be underpinning the design
of S?

Whose „worldviews‟ or perspective are/ought
to be underpinning the systems practice?

1
Sources
2

of
motivation

Sources
5

of
power

6

7
Sources
8

of
knowledge

Sources
11

12

of
legitimation
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5 Applying the framework to evaluating the Environmental
Impact of Mining in Southern Peru
This approach to organising first and second order critical reflection was used in the
context of an SSM application in the mining industry in southern Peru. In the
following sections, we outline an SSM intervention in a conflictive situation in Peru.
5.1

Brief Description of the systemic intervention: Mining in Southern
Peru
The environmental cost caused by the mining industry in Peru is of crucial importance
for the quality of life of those affected, particularly small communities that have been
struggling to survive due to the lack of water resources in Southern Peru (an already
desert area). There is evidence that mining industry has been using scarce water
resources and discharging waste that have damaged the fragile environment. It is well
known that the mining sector is a growing economic sector in Peru; it has grown from
2.4% in 2000 to 7.6% in 2008, and is expected to steadily increase by 7.7% in 201012. Although the mining industry activity brings great benefits to the Peruvian
economy by increasing exports and bringing investment to the country, there is a need
for questioning whether the net benefits have been positive, when social and
environmental elements are considered. This is a complex situation with various
stakeholders (mining company, government, local communities, amongst others) that
have entrenched positions.
One of the authors has been working with Peruvian Universities in Lima and Southern
Peru in related environmental management programmes in Peru for the last five years.
As part of one of these projects, in February 2010, the author was approach by
(„Association Frente Azul”) an NGO in Southern Peru with the initial brief to help the
organisation to „make sense‟ of this situation. After the initial 3-hour meeting in
Tacna, southern province of Peru where the mining company operates, the authors,
over the next 12-monhs period, have kept in close contact via e-mails and skype
sessions. From these conversations and information exchange, it became clear to us
that this was a complex situation in need of systemic approach to alleviate the
situation.
It is also clear that that the various stakeholders in this situation have different
interests exerting different power influences over each other in the situation. For
instance some stakeholders (local communities represented by the NGO) are, in
general, disadvantaged compared to the mining company representatives and
government authorities. On the other hand right from the beginning, we were also
aware we as researchers/facilitators have not only some interests, expectations but
also concerns about the „capability/limitations‟ of the methodology to deploy (for
instance, SSM tools such as Analysis 3 do not offer clear guidance to assess how
“power” is obtained). To help us to overcome these difficulties and to ensure rigour in
the systemic methodology used, we thought this will be a good opportunity to test our
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framework derived from Critical Systems Heuristics in the form of „second order‟
boundary critique applied to critical reflection on the use of the SSM.
During the conversation with the NGO representatives, we stress the fact that our
intervention will only structure a debate and no solutions were expected in such a
complex situation. The framework was use to reflect in our thinking while we
intervene and because in any complex situation, the initial stages are usually the
critical ones we expect to get good insight into both the framework in-use and the
future of the intervention. In what follows, we report on the initial stages of SSM
application, that is the identification of the relevant conflicting stakeholders involved
in this situation. We sketch the context of the intervention in which SSM has been
applied; reporting on the initial initials SSM stages: Relevant Systems; Root
definitions and CATWOE analysis produced in a workshop that took place in 18-19
February 2011 in Tacna (Southern Peru) lead by one of the authors. In section 7, we
explore the way that „second order‟ boundary critique can be used to assess the
researcher‟s expectations and its impact in re-designing the methodology. It is
expected that these insights will be important when finishing the SSM intervention.
5.2 Some issues detected: initial stages of the intervention
After the initial meeting (February 2010) and the following year period e-mail
exchange with the NGO, these were some issues arising from more than 50 years of
mining operations in southern Peru
o Conflicting and potentially volatile situation in a zone operated by Southern Peru
Copper Corporation (Department of Tacna, southern Peru). The main contention
is around the use of water by the mining company. Water is already an scarce
resource: Tacna is located at the edges of the Atacama desert (the driest of the
world)
o Initial copper liquid toxic waste was discharged (untreated) the sea damaging wild
life. Company has stopped discharging toxic water to the sea.
o Over the last decades, a huge dam has been built to contain toxic water from years
of mining operations. Toxic water (from the dam) has been draining to near areas.
Some small farmers have settled around the dam and started to plant small crops
of vegetables. Mining company (and local authorities) disregard claim that the
vegetables are unsafe for consumption
o In general, there is a lack of interest to study conflict/problems from academics
from the two universities established in Tacna.
o A small farmers' organisation and others have form: „Frente de Defensa‟ has taken
action and it is campaigning to stop the continuing use of the dam. They aim to
stop the mining operations because the mining company is planning to extend and
use more water. Their claim is that access to water is a human right.
o There were different accounts from different stakeholders: Local Government,
mining authorities, local communities, small farmers affected by lack of water
and pollution, etc

13

5.3

Applying Soft Systems Methodology- Environmental problems of
mining operations in southern Per
Together with the NGO, the authors arranged a set of two-day workshops: One to
introduce key systems concepts and the basics of SSM; and the second to apply the
initial stages of SSM to the problematic situation. Images of these workshops can be
seen in Figure 4.
Relevant printed material for the first workshop was produced and a suitable
arrangement to have a free discussion in the second workshops was arranged. The two
workshops were sponsored by the Local Authority (Tacna, Region). The workshops
were conduced in Spanish (first language of one of the authors). Systems Thinking
concepts and SSM was well received, interaction was encouraged.
For the second day, four working groups were formed including representatives from:
(a) mining and agriculture sectors; (b) academic sector; (c) local government; (c) local
independent local organizations; and (d) representatives from public and private
institutions.
5.3.1 Rich Picture of the environmental issues arising by the mining in
Southern Peru
To help to build a picture of the situation, the groups were given the following
(deliberately loose) brief: “Identify and describe the social and environmental
problems in the region of Tacna”.
The Groups produced a list of „problems‟. This is a sample from one of the groups:
o
o
o
o
o
o
o
o
o
o
o

use of waste water from mining in agriculture
use of wastewater in agriculture,
No use of organic waste in the agricultural sector
shortages of water for population and agriculture uses
overusing of groundwater for agricultural use
unplanned expansion of the agricultural borders
failure to comply with regulations and environmental legislation
lack of control and enforcement of environmental laws
lack of implementation of a sanitary landfill
lack of training in good agricultural practices
„Bad‟ policies from the authorities on the use of natural resources
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Figure 4. Environment, agriculture, mining and society. Workshop organised by
Regional Government and „Propuesta Azul Association‟- Tacna, Peru, February 2011.
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5.3.2

SSM: Relevant systems, Root definitions and CATWOE

A good grasp of SSM was achieved during the second day workshops. Groups
produced various Relevant Systems (RS) and 10 Root Definitions (RD) (2 Rd for each
of the 5 groups). The groups also carried CATWOE analysis with the assistance of the
author who acted as a facilitator explaining the terms. To speed the construction of
RDs, the well-known SSM formula (A system that do „P‟ by „Q‟ to achieve „R‟) was
given.
-Relevant system (RS): Various RS were put forward. We selected one to illustrate
the application here: „The pollution of ground surface and groundwater‟
P = What ?

P: to mitigate pollution of surface and groundwater

Q = How?
Q: getting adequate training and information in environmental
regulations, environmental Quality Standards (CEPA) for water quality
R = Why?
R: to improve the quality of life for the population in the region of
Tacna and protect the environment for future generations.
Groups used the guidelines above, fFollowing is one of the RD and CATWOE
analysis produced:
-Root Definition (RD)
The following RD was developed from the RS above
"System whose holder is the ALA (Local Water Management), that mitigates the
pollution of surface and groundwater through the compliance with environmental
legislation and environmental quality standards for water and the promotion of
information and training in charge of the competent authorities to improve the quality
of life of population from the Region of Tacna and preserve the environment."
-CATWOE Analysis
C: Customers: Population region Tacna: Flora and fauna from Tacna region
A: Actors: Trained officials
T: Transformation: Contaminated water  T  Uncontaminated Water
W: World view: It is possible to follow rules and regulations concerning
environmental issues.
O: Owner: ALA (Local Management of water)
E: Environment constrains: Mistrust, uninterested, ignorance, corruption, cultural
levels, personal interests or corporations
5.3.3 Some initial conclusions of the initial intervention and next stage of the
SSM application
After the workshops were carried out, it became clear that the exploration of the
problem was enriched by the SSM application. At the end of the two days the various
stakeholders could at least talk to each other with some ease about their different
16

perspectives. The facilitator summarised the workshops by stating that the aim was
just that: try to use some systemic thinking to talk and to debate about the problems. A
loose agreement was reached in terns of forming a „working group‟ to continue
liaising with the facilitator back in England. The aim was to keep the debate alive via
skype and e-mail exchange; and hopefully resume the face-to-face contact with all the
stakeholders in 12 months.
The stakeholders and facilitator agreed that the workshops were useful and that it is
expected that the systemic (holistic) nature of the application would help to keep the
stakeholders conversing and that could lead to a structured debate in which the
different interests could be accommodated. The use of systemic concepts was
emphasised and praised as key to help to assess the total environmental impact
together with the social and economic environmental cost caused by the mining
industry in southern Peru.
The workshops were well attended (over 150 people). Against all predictions mining
officials also attended and sat next to representatives of local communities. The
potential use of a systemic approach such as SSM was praised by most attendants. At
the end of the workshops there was a genuine sense of optimism about the possible
outcome of this very complex situation. Unfortunately by looking at recent events in
Peru, tension has increased again and the conflict between local communities and
mini8g companies and government has exacerbated. Many conflicts are still erupting
in other parts of Peru; the bone of contention is, as expected, the use of water. In
November 2011, Peru news reported:
“Protests resumed in Cajamarca this month as government-brokered talks between local
communities and officials from mining firm Mineria Yanacocha collapsed. Demonstrators
object to the firm‟s US$ 4.8 billion Minas Conga project as they believe it will threaten local
water supplies. US firm Newmont Mining, which co-owns Yanacocha with Peru‟s
Buenaventura, has sought to dismiss such fears by highlighting company plans to build new
reservoirs. It also claims the copper and gold mine would create 6,000 jobs in the region.
Last month, around 200 locals blocked major transport arteries in Cajamarca as part of the
dispute. The blockade was suspended after protestors, the government and Yanacocha
officials agreed to three-way talks, but the negotiations broke down shortly after.”. From:
Peru News 071: November 2011, info@perusupportgroup.org.uk (our emphasis)

6 Applying the
intervention

2nd

order

boundary

critique

to

the

In section 4 we suggested that in order to improve systemic practice, a 2nd order
boundary critique is necessary. We argued that CSH with its set of 12 questions can
guide (and improve) the systemic enquiry. We have used these set of questions for
both 1st and 2nd order boundary critique as illustrated in Figure 5.
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Mining Problematic
Situation in Peru

-Facilitators

-Authors

-Various Stakeholders
(including the Facilitators)

Soft Systems
Methodology
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Facilitator
First Order

Facilitator

Second Order critique Boundary

Questions to
Facilitators

Critical Systems
Heuristic (CSH)

Figure 5. The application of the 2nd Order boundary critique to the mining problem in Peru

Before the workshops in Peru in February 2011, the authors constructed a set of
questions based on the 12 Questions proposed by Ulrich (Figure 3). They put the set
of questions to themselves and try to answer then as fully as possible. A log was kept
and it is shown in Appendix 1. By answering these questions the eventual facilitators
of this intervention were forced to improve the preparation and quality if his thinking
before their facing the situation in Peru. In retrospective (after the trip to Peru), it has
become clear to them that outcome obtained from the two workshops has benefited
from these questioning. The question (and the reflection produced) is an on-going
process; the responses triggered further comments as it can be seen in Appendix 1
(„Comments to Responses). This on going process, we believe, will enrich and clarify
the intervention process further. Also as it can be seen at the bottom of Appendix 1,
there is a set of questions that could not be answered at that stage but only after
finishing the project. These „Final additional Questions‟ are related to the evaluation
of the intervention. This is a work-in-progress project and we hope to travel to Peru in
February 2012 to continue our investigation and hopefully answer them.

7 Conclusions and Further Research
The basic argument of this paper is that in any systemic intervention in which a
methodology guides the enquiry, there is a need to be critical about the boundary
judgements being made about both the process of inquiry and the context of inquiry,
and also about the relationship between the two. This includes critique of the role of
evaluator/change agents in the process. This, we argue, involves a process of „second
order‟ boundary critique and to that purpose drawing from CSH approach we propose
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a framework to harness the critique. We tested the framework by asking a set of
questions to the facilitators of an intervention which uses SSM. The aim was to
explore the way that „second order‟ boundary critique can be used to assess the
researcher‟s expectations and its impact in re-designing the methodology itself or the
way the methodology is used. This is a working in progress project and we expect to
continue and complete the final stages of SSM although we envisage that these will be
modify after the critique produced by facing the critique boundary questions. Indeed
there is a possibility that we might have to modify/abandon SSM as the methodology
guiding the intervention and find a more suitable one to this complex situation.
Although in this paper we report an initial test of a 2nd boundary critique framework
on an SSM application, the use of other systemic methodologies are needed to form a
clear picture about the benefits of 2nd order boundary critique. More real-world studies
are needed across multiple cases to lead to improvement in the wider theory about
systems practice and action research.
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Appendix 1
Questions for Facilitators: SSM application (Evaluating the environmental Impcat of
Mining in Southern Peru). Answers will provide basis for critical reflection on how
this worked in practice after process implemented.
Question

Response

1. Who are the immediate
beneficiaries of the change
process?
(Clients/users
of
findings….)

Community affected by the mining pollution, Mining officials, Others
like the local government

2. How? What benefits are
expected to be experienced by
these „beneficiaries‟? (In short
term/longer term)

Short term: To bring them together to talk openly about this conflictive
situation.
Long term: accommodate interests; benefits (social and economic) for
the communities involved.
Further Question: Is the intention here to arrive at a resolution/solution?

3. What problems/opportunities is
the change processes intended to
address?

Main problem is the conflict. The process will try to bring together.

4. What is your own role in the
process?
(relate
to
client/designer/decision maker)

We are „advisors‟ of an „academic association‟ constituted locally, this
is an entity like a charity. This entity will invite the different
stakeholders and we will sit as „advisors‟ of the association. They may
invite me to be part of the association but I think I will like to keep
„neutral. As an advisor they expect me to bring methodologies and tools
that will help the dialogue.

Comment to response: Is this the sessions you will have with them? Or
the wider „change process‟?

Comment to response: Do you use/facilitate the use of these yourself?
Or just explain how they should use them and leave them to it? Will you
provide any ongoing support?
5. How much control will you
have over the process? Who else
has an influence and what do you
anticipate this will be?

No much control over the process: I will be two days there. I might exert
a bit influence via the expertise/knowledge they see embedded in me?
They also value my interest in helping them (not charging for my time).

6. What methodology will you
use?

We plan to use Soft Systems Methodology (Checkland‟s). To get the
stakeholders familiar with the basics of it we plan to have a two days
workshop with the main stakeholders.
DAY 1- AM. I will I will give a talk on SSM. PM: The main
stakeholders will present their case.
DAY 2- AM: Workshop in which some of the SSM concepts will be
used (possible RP and Catwoe). PM: Continue with workshop

7. Why do you think this will help
achieve
intended
outcomes?
(Relates to expertise)

We are not sure. We hope so.

8. Which stakeholders will be

-Local community leaders, local government, mining administrators.

Comment to Question: This is about justifying the methodology and its
application for this situation.
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involved in the process? Why?

Comment to answer: Not answered – we need to explain their
interest/what is believed to be their interest. We may find later
assumptions were not quite right which may have affected success of
intervention. Also is there anyone excluded that might expected to be
included? Again why?

9. How will they be involved?
What will be their role? What will
they do?

As explained in Q6

10. By whom/how has this been
decided?

-The „Academic association‟ or charity has invited them.

11. What resources are available
to support the change process?

-The „Academic association‟ has involved the local University, a room
and appropriate environment has been arranged.

Comment to Response: Will need more detail. What will they be
actually doing in workshops? Developing models of their situation and
debating them? Facilitated by yourself? What will they be doing with
these afterwards?

Comment to Response: Not clear what their role/interest is? Exploring
their relationship with the different stakeholders is obviously something
of interest to reflecting on the „success‟ or otherwise of this intervention.
12. How much control have you
over what is available and how it
is used?

Do not have much control. For instance, the „association‟ is talking
about press coverage of the event; I am not sure if this is appropriate but
on the other hand will help to raise the profile of the problem.
Comment to Response: Why- we need to articulate reservations I think.

13. Who else is in control here,
and what is their influence on the
process?

At this point all the control I with the Academic association

14. Do you anticipate those who
are actively involved will need
any
specific
support/help/guidance to fully
engage with the change process?

Yes

15. How will this be managed?

-We anticipate that after my visit they will keep in contact
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Who
stakeholders
process?

the
wider
the change

-Do not know, will find out when I am there. The RP will indicate
these?

17. What are the anticipated
outcomes for them?

(i) A paper reporting the process of using SSM and CSH. This will be
authored by AP, DH , and possible one of the Peruvians; (ii)A report to
the local government? About the ways of resolving this conflict?

are
in

Comment to Response: This is good. Acknowledges that we are
stakeholders too.
18. How much control do they
have over these outcomes?
(Involvement, voice)

-We (AP-C and DH) have full control on the academic paper.

Final Additional Questions: In addition to „enablers‟ we also need to think about potential
„barriers‟ e.g. resistance of stakeholders to your introduction to methodology, difficulty in
grasping its complexity etc. How will you evaluate the success of your involvement? What
criteria do you envisage using?
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